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(57) ABSTRACT

A crankshaft production machine for manufacture of crank-
shafts (15) having centric and eccentric surfaces to be
machined, the said crankshaits being chucked rotatably
around a C axis (3, 6), comprises a headstock, a counter
spindle or tailstock, at least one displaceable longitudinal
slide (17, 18), and drive units with motors for the drnive
motion of the crankshaft around the C axis and for the feed
motion of subassemblies for tool spindles (8, 11) as well as
the tools, wherein the respective motors 1n at least one drive
unit used to drive the workpiece spindles (1, 3) and 1n at least
one drive unit used to drive the tool spindles (8, 11) are
configured as torque motors (2, 4, 10, 13).

6 Claims, 1 Drawing Sheet
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1
CRANKSHAFT PRODUCTION MACHINE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application 1s a continuation of International
Application No. PCT/EP03/05905 which was filed on Jun.

S5, 2003 and claims priority from German Patent Application
202 08 792.1 which was filed on Jun. 6, 2002, the contents
of which are herein incorporated by reference.

The present invention relates to a crankshait production
machine for manufacture of crankshaits having centric and
eccentric surfaces to be machined, the said crankshaifts being
chucked rotatably around a C axis.

Turning and milling machines for machining workpieces,
especially crankshafts, for example, that have centric and
eccentric surfaces and are rotatable around a C axis, com-
prise a headstock and a counter spindle or tailstock with
drive units and motors for driving the workpiece around the
C axis, at least one displaceable longitudinal slide with drive
units for the feed motion of subassemblies for tool spindles
as well as the tools. In particular, therefore, they comprise at
least one drive umit for rotary motions. Such drive units are
to be understood 1n particular as subassemblies that drive
tools and workpieces, such as rotary spindles, C axes and
tool drives for machinming of centric and eccentric workpiece
surfaces, such as surfaces on crankshafts.

Known solutions are based on the assumption that the
active connection 1n drive devices for workpiece and tool
spindles will take place via electric motors and radially
displaceable toothed gears and/or via multi-stage planetary
gear mechanisms or worm gears as well as toothed-belt
drives.

The conventional drive and feed devices with motor drive
and gear mechanism suiler from deficiencies in the form of
considerable equipment complexity and space requirement.
In addition, the drive trains 1n milling machines not only
contain elements such as toothed gears and couplings that
are subject to backlash, but also operate with high transmis-
sion ratios. Thereby high-precision manufacture of work-
pieces 1s not feasible, since 1n particular the achievable
surface quality 1s limited. Furthermore, the inherent stability
(chatter stifiness) of the milling units 1s reduced by the
backlash. Gear mechanisms, usually worm gears, are also
present as drives for C axes on the workpiece-spindle side,
but are subject to backlash.

The object of the invention 1s to provide a crankshaft
production machine of the type mentioned in the introduc-
tion, which machine avoids the atoresaid known disadvan-
tages of known crankshait production machines.

This object 1s achieved by a crankshait production
machine of the present invention. By the use of torque
motors specially tailored to the drive dynamics and torque
balance as direct drives both for the milling spindle and for
the workpiece spindle, backlash 1s eliminated and high
stiflness 1s achieved. Thereby eflicient machining of high
quality 1s now achieved. By virtue of the new drive device,
the spindle drive can be operated in one configuration, not
only for angle-dependent positioning, for positional regula-
tion, known as the C axis, and for positional coordination at
high speed of revolution but also for machining (milling) at
low speeds. Torque motors are rotary drive devices with
high angular accuracy and high torque. In application of the
present invention, the drive devices for rotary motions are
designed such that low-noise, wear-iree active connections
are achieved with few mechanical components, and so are
characterized by high stability, high precision and high
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elliciency for workpiece machining. At the same time, the
application of methods such as external milling, turning and
milling, spinning, turning and turn broaching are made
possible with greater effectiveness and quality for the manu-
facture of crankshaits. Safer and calculable protection
against overload and thus against destruction of the tools and
chucking means in the event of interference i1s ensured.
Savings potentials are represented by lower costs for the
drive device and lower maintenance expenses, because of
the freedom from wear and the ability to operate without
lubrication. By the fact that the position and angular accu-
racy of the torque motors coincide, absolute synchronistic
(except merely for measuring-system errors) and high pre-
cision are achieved. By means of the inventive crankshaft-
milling machine, machining of both the main bearing and of
the eccentric bearing 1s possible 1n a single chucking of the
crankshaft. The accuracies achieved considerably reduce the
expense for fimish-grinding of the bearing seats, in turn
permitting considerable savings 1n manufacturing costs. In
addition, finish-machining of grinding quality 1s possible.

A crankshaft production machine within the meaming of
the present mvention can be in particular a turning and
milling machine or a turning and milling machining center.

Advantageous configurations of the imnventive crankshatt
production machine will be evident from the dependent
claims as well as from the description hereinatter.

According to a preferred improvement, for example, the
inventive crankshaft production machine has a paired
arrangement of torque motors for milling, spinning, turn
broaching and turning and milling units. In a further pre-
ferred embodiment, there 1s provided a device for applica-
tion of AC regulation, whereby better regulation of the
machining technology 1s achieved. In this way further opti-
mization 1n crankshaft production can be achueved 1n turming
machining centers.

Application of the turning and milling method or of
turning and copy milling 1n one chucking is also possible.

According to a further preferred improvement, the inven-
tive crankshaft production machine 1s characterized by two
mirror-image, electronically synchromzed workpiece
spindles.

The use of torque motors with segment windings 1s
proposed when 1installation space for workpiece spindle
drives 1s limited. In this way, the installation conditions are
improved suthiciently that more radial clearance 1s obtained.
Both the tool drives and the workpiece drives are preferably
cooled with liquid. This increases machining reproducibility
and therefore quality.

Another contribution to particularly high manufacturing
accuracy of the mventive crankshait production machine 1s
obtained 1n a further preferred improvement, 1n which the
machine frame 1s made 1n cast construction and/or concrete
construction, combined rolling and sliding guide systems
being particularly preferred.

As regards the capacity of the mventive crankshaft pro-
duction machine, 1t proves to be particularly favorable when
there are provided two milling units, which in particular may
have externally toothed disk milling cutters with large
numbers of disks.

The present mvention will be explained 1n more detail
heremnafter on the basis of a preferred practical example
illustrated 1n FIG. 1. FIG. 1 schematically illustrates a front
view ol a crankshait production machine according to the
present 1nvention, with special emphasis on the drive
devices.

FIG. 1 The shows a crankshaft production machine with
a headstock having a first workpiece spindle 1, which can
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rotate around C axis 6. With the headstock there 1s associ-
ated, as the spindle drive, a torque motor 2, whose axis
comcides with C axis 6. A measuring system 7 1s an
integrated component of the positionally controllable
spindle drive. In opposite position, a torque motor 4 with
integrated C axis 5 1s disposed as the drive on a counter
spindle with a second workpiece spindle 3. The machine
controller permits electronic synchronization of the two
workpiece spindle drives.

Workpiece 15 to be machined has the form of a crankshaft
and 1s held by means of chucking devices 14.

The crankshaft production machine comprises two mill-
ing units. On the two longitudinal slides 17 and 18, which
can travel in the Z and W directions respectively and which
are associated with the two milling units, there are disposed
cross slides 16, which can travel 1n the feed axes X and U.
Each milling unit comprises an external miller 9, 12 on the
associated tool spindle 8, 11. The external millers are driven
by torque motors 10 and 13 respectively.

List of Reference Numbers
1 first workpiece spindle

2 torque motor

3 second workpiece spindle
4 torque motor

5 first C axis

6 second C axis

7 measuring system

8 first tool spindle

9 disk milling cutter

10 torque motor

11 second tool spindle

12 disk milling cutter

13 torque motor

14 workpiece chucking device
15 crankshaft

16 cross shides (U, X)
17 longitudinal slide (W)
18 longitudinal slide (Z)

The invention claimed 1s:

1. A crankshaft milling machine for production of crank-
shafts having centric and eccentric surfaces to be machined,
the crankshaifts being chucked to rotate around a C axis, the
machine comprising:
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a headstock,

an opposed spindle or a tailstock, at least one movable
longitudinal slide, and drive units with motors for
driving the crankshait around the C axis and for feeding
subassemblies for tool spindles as well as tools,
wherein the respective motors in at least one drive umit
used for driving the workpiece spindles and 1n at least
one drive unit used for driving the tool spindles are
configured respectively as torque motors;

wherein an installation space of the torque motors 1s pro-
vided on the axis of the workpiece spindle and/or on the axis
of the tool spindles.

2. A crankshait milling machine according to claim 1,
characterized 1n that

two drive units are provided for driving two oppositely
disposed workpiece spindles, each of the two drive
units comprising one of the torque motors.

3. A crankshaft milling machine according to claim 1,

characterized 1n that

torque motors with segment windings are provided as the
drive for tool spindles.

4. A crankshaft milling machine according to claim 1,
characterized in that

individual or paired torque motors with integrated mea-
suring system are provided instead for positioning of
the workpiece spindles.

5. A crankshaft milling machine according to claim 1,
characterized 1n that,

for turn broaching or for turning and turn broaching of
crankshafts, the drive umt for the workpiece spindle
and the drive unit for the tool spindle comprises one
torque motor for each spindle.

6. A crankshaft milling machine according to claim 1,
characterized 1n that,

for internal milling (spinning), the drive unit for the
workpiece spindle and the drive unit for the tool spindle
comprises at least one torque motor as a direct drive.
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